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EXPERIENCE FROM ESS w
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Description of the ESS tooling

The tooling is made of two main parts :
= The end cap support
» The arm
The end cap support and the arm respectively sustain the end cap weight
and the transition weight during the closure of the cryomodule.
Rails are used for the assembly of the ESS cryomodule and thus, for the

ESS end cap tooling.

End cap support

Transition
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First step of the assembly

 The end cap is fixed to the support in four point by using specific bronze
studs.
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EXPERIENCE FROM ESS w
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Second step of the assembly

« The position of the arm is adjusted to the position of the valve. Then, the
valve is fixed to the arm with screws that fit in holes in the valve.

 When the transition valve is supported, the cold-warm transition tooling
(that maintained the transition during assembly) can be removed.
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Upper screws are used in order to avoid
a displacement along the beam axis.

Lower screws are just put in contact
with the transition.

Thus, no adjustment are done in order
to avoid a twist of the bellows.
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EXPERIENCE FROM ESS

Third and last step of the assembly
e The crane is used to close the door

|

\ I - Adjustment of the end

~ cap tilts and positioning
can be done properly.
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PRELIMINARY DESIGN OVERVIEW w
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Preliminary design of the tooling for PIP2 end cap assembly

Interfaces with the end cap

Arm
(made of steel tubes and plates)

End cap support
(made of steel tubes)

L ek T

Two swivel wheels

_ Wooden plate
Two fixed wheels
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Design of the arm extremity Charge 1d

_ Transition flange
Screws to block the valve in

the beam axis CF40 angle valve

Arm extremity

Screws to Support the valve We|ght PIP2 - HB650 cryomodule FDR | PAGE 9



PRELIMINARY DESIGN OVERVIEW w
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Degrees of freedom of the tooling

I Warning !

During the end cap assembly phase, the position of the transition valve is
not modified.

The degrees of freedom of the tooling are used in order to ease the
assembly of the valve with the tooling.

Then, when the weight of the valve is sustain by the tooling no adjustment
of the valve positioning is done in order to avoid bellows twist and stress.
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PRELIMINARY DESIGN OVERVIEW

The rotation on the bearing axis is
used for vertical adjustment of the arm

Screw used to
adjust the position
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PRELIMINARY DESIGN OVERVIEW

+/- 4 mm

o TR

S
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The lateral position of the arm can | \
be adjust by using lateral screws
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DE LA RECHERCHE A L'INDUSTRIE

Cea PRELIMINARY DESIGN OVERVIEW

Degrees of freedom of the tooling

Charge 1d

+/- 4.9 mm
Of lateral play

‘!
.l Counter nuts to block the
lateral position of the valve

Top view of the tooling
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Cea INTERFACES WITH THE HB650 CM

An interface drawing is ongoing.

« Four M10 threaded holes on the end cap.
~» Cold-warm transition hole used as a reference.

= g
P
=1 o" T
] E
]
. Still have some
work to define the
tolerances
Reference
=l 71 oo Di- 3"6'0;‘1%]?}'\'%
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Four steps during the assembly were studied
1. The tooling is holding the end cap. l

Assembly
Of the CM

End Cap (~380kg)

Geometry
02/07/2020 17:20

O The end cap is on the tooling

O The arm position is adjusted
to the valve position

O The screws of the arm are in
contact with the transition
valve

1<‘Xv

Step 1 PIP2 - HB650 cryomodule FDR | PAGE 17
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Four steps during the assembly were studied

2. The tooling is holding the end cap and the transition valve l

Assembly
Of the CM

End Cap (~380kg)

Geometry
02/07/2020 17:20

 The transition tooling is
removed

0 Thus, the weight of the
transition is sustained by the

end cap tooling
1<, v
Mass of the transition valve and X
flange estimated at 35kg.
Assembly of the cavity string under
vacuum (-285N on Y axis). Step 2 PIP2 - HB650 cryomodule FDR | PAGE 18
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SIMULATIONS

Four steps during the assembly were studied

3. The tooling is holding only the transition valve. '

Assembly
Of the CM

Geometry
03/07/2020 14:22

U The end cap is lifted with the
crane

Mass of the transition valve and E; Y
flange estimated at 35kg. 0,00 400,00 400,60/ e X
Assembly of the cavity string under — -
vacuum (-285N on Y axis). gotep %
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SIMULATIONS

Four steps during the assembly were studied

{

Assembly
Of the CM

4. The tooling is without any mass.

Geometry
03/07/2020 14:22

1 The end cap is connected to
the vacuum vessel and to the
transition flange

[ Thus, the arm do not sustain
the weight of the transition.

]<,XY

| | |
200, 60000
gotep 2‘-) PIP2 - HB650 cryomodule FDR | PAGE 20
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SIMULATIONS

Four steps during the assembly were studied

{

Assembly Disassembly
Of theCM  Of the CM

4. The tooling is without any mass.

Geometry
03/07/2020 14:22

0,00 400,00 800,00 (mm)

| | |
200, 60000
gotep 2‘-) PIP2 - HB650 cryomodule FDR | PAGE 21



SIMULATIONS

Output parameters

Four arm interfaces with the transition valve are monitored.

Geometry
06/07/2020 13:19

Displacement on the Y axis
(along beam axis)

Displacement on the Z axis
(along vertical axis) \_/

Z ’

/

d

X N 0,00 50,00 10Q ‘

25,00 75,00

As the position of the arm is adjust to the valve transition at the step 1, its
deformations at the monitored interface are used as a reference for the assembly
(the deformations are used as offset).

During the disassembly step 4 will be used as a reference.
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SIMULATIONS

Preliminary results — Vertical deformations

1.  The tooling is holding the end cap.

2.  The tooling is holding the end cap and the transition valve.

Step 1 (“Reference”)

Absolute vertical deformations

K: Static Structural st
Directional Deformation ZZ 4
Type: Directional Deformaj
Unit: mm

Global Coordinate Syste
Time: 2

06/07/2020 13:25

0,0145 Max
. -0,109
-0,232
-0,355

-0,478
. -0,601

-0,724

-0,847
I -0,97
-1,09 Min

0,00 500,00
|
250,00

1000,00 (mm)
—
750,00

L

Step 2

Absolute vertical deformations

C: Static Structural
Directional Deformation Z
Type: Directional Deformag
Unit: mm

Global Coordinate Syste
Time: 2

06/07/2020 13:29

0,0723 Max
. -0,157
-0,387
-0,616
. -0,846

-1,08
-1.3
-1,53
-1,76

-1,99 Min 0,00
I
250,00

500,00

1000,00 (mm)

—
750,00
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SIMULATIONS

Preliminary results — Vertical deformations

3.  The tooling is holding only the transition valve.
4.  The tooling is without any mass.

Step 3

Absolute vertical deformations

G: Static Structural
Directional Deformation ZZ

Unit: mm
Global Coordinate System
Time: 1

06/07/2020 13:33

0,061 Max
. -0,0708
-0,203
— -0,334

-0,466
. -0,598

-0,73

-0,862
I -0,993
-1,13 Min

0,00 500,00

1000,00 (mm)
E—
750,00

—
250,00

Step 4

Absolute vertical deformations

I; Static Structural
Directional Deformation ZZ
Type: Directional Deformatiqgiz
Unit: mm

Global Coordinate System
Time: 1
06/07/2020 13:41

0,00604 Max
. -0,0482
-0,102
— -0,157

-0,211
. -0,265

-0,319

-0,373
I -0,428
-0,482 Min

0,00 500,00
—
250,00

1000,00 (mm)

—
750,00
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Preliminary results — Vertical deformations
Relative vertical displacement at the interfaces with the transition.

« Stepl: 0 mm Reference for the following steps (tooling with end cap)

« Step2:-0.85mm (tooling with end cap and transition)
« Step3:-0.01 mm (tooling with transition)

« Step4:+0.60 mm (tooling only)

Geometry
06/07/2020 13:19

Displacement on the Z axis
(along vertical axis)

25,00 75,00
X PIP2 - HB650 cryomodule FDR | PAGE 25




SIMULATIONS

Preliminary results — Horizontal deformations

1.  The tooling is holding the end cap.

2.  The tooling is holding the end cap and the transition valve.

Step 1 (“Reference”)

Absolute horizontal deformations

K: Static Structural st
Directional Deformation YY 4
Type: Directional Deformaj
Unit: mm

Global Coordinate Syste
Time: 2
06/07/2020 13:24

0,127 Max
. -0,0186
-0,164
-0,309

-0,455
. -0,6

-0,746

-0,891
I -1,04
-1,18 Min

0,00 500,00
|
250,00

1000,00 (mm)
—
750,00

Z

L

Step 2

Absolute horizontal deformations

C: Static Structural
Directional Deformation Y
Type: Directional Deformay
Unit: mm

Global Coordinate Syste
Time: 2
06/07/2020 13:29

0,136 Max
. -0,0358
-0,208
-0,38
-0,552
-0,724
-0,896

-1,07
I -1,24
-1,41 Min

0,00 500,00
|
250,00

1000,00 (mm)

—
750,00
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SIMULATIONS

Preliminary results — Horizontal deformations

3.  The tooling is holding only the transition valve.
4.  The tooling is without any mass.

Step 3

Absolute horizontal deformations

G: Static Structural
Directional Deformation YY
Type: Directional Deformatiog
Unit: mm

Global Coordinate System
Time: 1
06/07/2020 13:33

0,0351 Max
. -0,0433
-0,122
— -02

-0,279
. -0,357

-0,435

-0,514
I -0,592
-0,671 Min

0,00 500,00
|
250,00

1000,00 (mm)
—
750,00

Step 4

Absolute horizontal deformations

I: Static Structural
Directional Deformation YY
Type: Directional Deformatiqg
Unit: mm

Global Coordinate System
Time: 1
06/07/2020 13:41

0,0226 Max
. -0,0148
-0,0525
— -0,08

-0,128
. -0,165

-0,203

-0,24
I -0,278
-0,315 Min

0,00 500,00
|
250,00

1000,00 (mm)

—
750,00
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Preliminary results — Horizontal deformations
Relative horizontal displacement at the interfaces with the transition.

« Stepl: 0 mm Reference for the following steps (tooling with end cap)

« Step2:-0.57 mm (tooling with end cap and transition)
« Step 3:+0.14 mm (tooling with transition)

« Step4:+0.46 mm (tooling only)

Geometry
06/07/2020 13:19

Displacement on the Y axis
(along beam axis)

25,00 75,00

X PIP2 - HB650 cryomodule FDR | PAGE 28




SIMULATIONS w
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Four steps for the assembly were studied

1. The tooling is holding the end cap.

2. The tooling is holding the end cap and the transition valve.

3. The tooling is holding only the transition valve.

4

The tooling is without any mass ]
Assembly Disassembly

OftheCM  Of the CM

PIP2 - HB650 cryomodule FDR | PAGE 29



SIMULATIONS w
SIS

Four steps for the assembly were studied

1. The tooling is holding the end cap.

2. The tooling is holding the end cap and the transition valve.

3. The tooling is holding only the transition valve.

4

The tooling is without any mass ]
Assembly Disassembly

OftheCM  Of the CM

ASSEMBLY

=

DISASSEMBLY

‘ Because the adjustment of the arm position is done at
step 1 for the assembly and at step 4 for the disassembly.
They don’t have the same “reference”.
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SIMULATIONS w
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Summary of the results — Displacement at the interfaces

Vertical displacement at the interfaces with the transition.
« Stepl: 0 mm (Reference for the assembly)
e Step2:-0.85mm
e Step 3:-0.01 mm
e Step4:+0.60mm

Horizontal displacement at the interfaces with the transition.
« Stepl: 0 mm (Reference for the assembly)
e Step2:-0.57 mm
e Step 3:+0.14 mm
e Step4:+0.46 mm

PIP2 - HB650 cryomodule FDR | PAGE 31



SIMULATIONS w
SIS

Summary of the results — Displacement at the interfaces
Vertical displacement at the interfaces with the transition.
« Stepl: 0 mm (Reference for the assembly)
e Step2:-0.85mm

e Step 3:-0.01 mm
Assembly

Step 123

* The end cap is assembled to the transition flange and
vacuum vessel.

* Thus, the deformations of the tooling at step 4 has
no impact on the transition.

Horizontal displacement at the interfaces with the transition.
« Stepl: 0 mm (Reference for the assembly)
e Step2:-0.57 mm
e Step 3:+0.14 mm

Assembly
Step 13

* The end cap is assembled to the transition flange and
vacuum vessel.
* Thus, the deformations of the tooling at step 4 has
no impact on the transition.
PIP2 - HB650 cryomodule FDR | PAGE 32



SIMULATIONS

RE

Summary of the results — Displacement at the interfaces
Vertical displacement at the interfaces with the transition.

Range of « Stepl: 0 mm (Reference for the assembly)
disol ment e Step2:-0.85mm
|§p aceme « Step 3:-0.01 mm
during assembly G Assembly
0.85 mm Step 153

* The end cap is assembled to the transition flange and
vacuum vessel.

* Thus, the deformations of the tooling at step 4 has
no impact on the transition.

Horizontal displacement at the interfaces with the transition.

R : « Stepl: 0 mm (Reference for the assembly)
_ ange o e Step2:-0.57 mm
displacement « Step 3:+0.14 mm
during assembly Assembly
0.71 mm Step 1->3

* The end cap is assembled to the transition flange and

vacuum vessel.

* Thus, the deformations of the tooling at step 4 has

no impact on the transition.
PIP2 - HB650 cryomodule FDR | PAGE 33



SIMULATIONS w
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Summary of the results — Displacement at the interfaces

Vertical displacement at the interfaces with the transition.
e Stepl: 0 mm
e Step2:-0.85mm
e Step 3:-0.01 mm
 Step 4 : +0.60mm (Reference for the disassembly)

Horizontal displacement at the interfaces with the transition.
e Stepl: 0 mm
e Step2:-0.57 mm
e Step 3:+0.14 mm
« Step4:+0.46 mm (Reference for the disassembly)

PIP2 - HB650 cryomodule FDR | PAGE 34



SIMULATIONS w
SIS

Summary of the results — Displacement at the interfaces
Vertical displacement at the interfaces with the transition.

e Step2:-0.85mm . I

e Step 3:-0.01 mm
 Step 4 : +0.60mm (Reference for the disassembly)

‘ Disassembly

* The transition valve is assembled to the transition tooling. Step 492
* Thus, the deformations of the tooling at step 1 has no impact
on the transition during the disassembly.

Horizontal displacement at the interfaces with the transition.

e Step2:-0.57 mm ' I

e Step 3:+0.14 mm
« Step4:+0.46 mm (Reference for the disassembly)

‘ Disassembly

* The transition valve is assembled to the transition tooling. Step 4-2
* Thus, the deformations of the tooling at step 1 has no impact
on the transition during the disassembly.

PIP2 - HB650 cryomodule FDR | PAGE 35



SIMULATIONS w
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Summary of the results — Displacement at the interfaces
Vertical displacement at the interfaces with the transition.

Range of { . Step2:-0.85mm * I

displacement « Step 3:-0.01 mm
during disassembly  Step 4 : +0.60mm (Reference for the disassembly)

1.45 mm ‘ Disassembly

* The transition valve is assembled to the transition tooling. Step 492
* Thus, the deformations of the tooling at step 1 has no impact
on the transition during the disassembly.

Horizontal displacement at the interfaces with the transition.

Range of { « Step2:-0.57 mm ' I

displacement « Step 3:+0.14 mm
: P : « Step 4:+0.46 mm (Reference for the disassembly)
during disassembly

1.03 mm ‘ Disassembly

* The transition valve is assembled to the transition tooling. Step 4-2
* Thus, the deformations of the tooling at step 1 has no impact
on the transition during the disassembly.

PIP2 - HB650 cryomodule FDR | PAGE 36
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CONCLUSION w
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Work done
O Preliminary design is done and based on ESS experience.

O Preliminary simulations were performed in order to estimate the tooling
deformations,
= during assembly the vertical and lateral displacements of the interfaces
are under 1mm.,
= during the disassembly the vertical and lateral displacements of the
interfaces are over 1mm.

Work on going
O Define the tolerances for the end cap interfaces.

O Iteration with Fermilab to check if no collision appear with another
tooling (transition tooling).

O Define the maximal admissible deformation at the arm extremity.

PIP2 - HB650 cryomodule FDR | PAGE 38
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Cea PRELIMINARY DESIGN OVERVIEW

Preliminary design of the tooling for PIP2 end cap assembly

Design of the arm extremity
Transition valve

CF40 angle valve
I‘ Arm extremity
h_

\ ‘
.l Counter nuts to block the

lateral position of the valve

Top view of the tooling
PIP2 - HB650 cryomodule FDR | PAGE 41



Cea PRELIMINARY DESIGN OVERVIEW

Preliminary design of the tooling for PIP2 end cap assembly
Bronze studs are used for the maintaining of the end cap on the support.

Made of Bronze CuSn8P

Face in contact with

M10 thread the support

M10 thread

L) (o e —

18 guide

+/- 1.0 mm
Of radial play

—
\ Stud

—— End Cap

Face in contact
with the end cap

Stainless steel
washer and nut

! |1
PIP2 - HBB50 crﬁLbdule FDR | PAGE 42
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Model
Tooling made of S275 Steel. The end cap is not attached to the tooling and the weight
of the transition is supported by the tooling arm.

Geometry
02/07/2020 16:53

) QY
0,00 800,00 (mm) X
]

400,00 Robin CUBIZOLLES — PIP2 Vacuum Vessel | PAGE 43




TaYalalalal
END CAP TOOLING
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Model
Tooling made of S275 Steel. The end cap is not attached to the tooling and the weight
of the transition is supported by the tooling arm.

Corps de piece.2
02/07/2020 16:55

End Cap support

0,00 800,00 (mm) X
]

400,00 Robin CUBIZOLLES — PIP2 Vacuum Vessel | PAGE 44
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Model
Tooling made of S275 Steel. The end cap is not attached to the tooling and the weight
of the transition is supported by the tooling arm.

Support_transition_arm¥ggips de piéce.26
2,
02/07/202016:54

Arm oo

) QY
0,00 800,00 (mm) X
]

400,00 Robin CUBIZOLLES — PIP2 Vacuum Vessel | PAGE 45




END CAP TOOLING

Model with the end cap
O Add of the end cap made of 304L.

(J Add of the stud made of CuSn8P bronze.

Geometry
02/07/2020 17:20

End Cap (~380kg)

ot wo e weeeo — PIP2 Vacuum Vessel | PAGE 46
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END CAP TOOLING
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Model with the end cap
1 Add of the end cap made of 304L.

1 Add of the stud made of CuSn8P bronze.

Geometry
02/07/2020 17:25 . .
4 Studs to maintain the end cap

Bronze stud

Materials
02/07/2020 17:25

Steel nut

[ Bronze - Cusngp
. Structural Steel

Steel washer

7A
Y
L]
0,00 20,00 40,00 (mm)
I I | X

10,00 30,00

Robin CUBIZOLLES — PIP2 Vacuum Vessel | PAGE 47



END CAP TOOLING

Boundary Conditions
O Cold-Warm transition mass of 35 kg attached to the “arm” of the tooling.

L The 4 feet are fixed on the surface where they are screwed.

L Beam line is under vacuum thus a horizontal force of 285N is applied to the tooling “arm”.

O Gravity at 1g is set.

U Revolute joint at the interface bety| Peint Mass
02/07/2020 16:51

. Point Mass
Mass Mag

5 de piece.26 )
Location: -4

Support_transition_ar \
02/07/2020 16:54

L
0,00 100,00 (mm) X

[ I
50,00

0,00 800,00 (mm)
I - —
400,00 Robin CUBIZOLLES — PIP2 Vacuum Vessel | PAGE 48




END CAP TOOLING

Boundary Conditions
O Cold-Warm transition mass of 35 kg attached to the “arm” of the tooling.

O The 4 feet are fixed on the surface where they are screwed.
d Beam line is under vacuum thus a horizontal force of 285N is applied to the tooling “arm”.
O Gravity at 1g is set.

 Revolute joint at the interface between the arm and the chassis.

G: Static Structural
Fixed Support
Time: 1, s
02/07/202016:51

Corps de piéce.2
02/07/2020 16:55

. Fixed Support

Surface blocked

400,00 Robin CUBIZOLLES — PIP2 Vacuum Vessel | PAGE 49
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END CAP TOOLING
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Boundary Conditions
[ Cold-Warm transition mass of 35 kg attached to the “arm” of the tooling.

1 The 4 feet are fixed on the surface where they are screwed.
L Beam line is under vacuum thus a horizontal force of 285N is applied to the tooling “arm”.
O Gravity at 1g is set.

 Revolute joint at the interface between the arm and the chassis.

G: Static Structu
Farce
Time: 1, 5

Robin CUBIZOLLES - PIP2 Vacuum Vessel | PAGE 50



TaYalalalal
END CAP TOOLING
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Boundary Conditions
O Cold-Warm transition mass of 35 kg attached to the “arm” of the tooling.

1 The 4 feet are fixed on the surface where they are screwed.
d Beam line is under vacuum thus a horizontal force of 285N is applied to the tooling “arm”.

O Gravity at 1g is set.

 Revolute joint at the interface between the arm and the chassis.
Pl

G: Static Structural
Standard Earth Grawity
Time: 1, 5

02/07 /20201652

0,00 ' 1000,00 (rmm)
|

500,00 Robin CUBIZOLLES - PIP2 Vacuum Vessel | PAGE 51



END CAP TOOLING

Boundary Conditions
[ Cold-Warm transition mass of 35 kg attached to the “arm” of the tooling.

1 The 4 feet are fixed on the surface where they are screwed.

d Beam line is under vacuum thus a horizontal force of 285N is applied to the tooling “arm”.

O Gravity at 1g is set.

s

L Revolute joint at the interface between the arm and the chassis.

Geometry
02/07/2020 16:53

400,00 Robin CUBIZOLLES — PIP2 Vacuum Vessel | PAGE 52
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Boundary Conditions with end cap
Compared to the previous simulations the end cap tooling have been added. Thus, the stud are
used in order to maintain the end cap by applying a force due to pretension.

Frictional contact with a coefficient of 0,2 is applied between the end cap tooling face and the
stud faces.

Frictional - Corps principal11 To 1 P #2443001111111
Items: 10 of 12 indicated '

02/07/2020 17:31

. Contact Bodies
B Target Bodies

. Contact Bodies
Bl Target Bodies
@ Contact Bodies
B Target Bodies
) Cm‘zt Bodies
. Target Bodies | ;
B Contact Bodies|

Stud face with friction

10000 30000 , Robin CUBIZOLLES — PIP2 Vacuum Vessel | PAGE 53



END CAP TOOLING

Boundary Conditions with end cap
Then, a pretension of 8kN for each stud is applied before applying the gravity in order to

maintain the end cap on the tooling.
The pretention of 8kN correspond to a torque of 19-20 N.m.

C: Static Structural
Bolt Pretension

0310713020 1735 Pretension of the stud

- Bolt Pretension: 8000, N

Robin CUBIZOLLES - PIP2 Vacuum Vessel | PAGE 54



DE LA RECHERCHE A L'INDUSTRIE

END CAP TOOLING

Mesh

Two elements in the thickness for the

tubes.

Mainly made of quadratic hexahedrons :

QO 542 015 nodes \

Q95630 elements i
« 94922 Hexahedrons (Hexa20) ‘ : 7 ¥ =

. 708 Prism (Wed15)

I
AT
R

L
R

O

ey
s, e
S e e
St

e,
=
=5 .

oo
e
=

i
e
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END CAP TOOLING

Stress results — Step 3
O Stress intensity : max 167 MPa

G: Static Structural
Stress Intensity
Type: Stress Intensity
Unit MPa

Time: 1
02/07/202017:11

. 167,08 Max
148,51
— 129,55
— 111,35
= 92,822
— 74257
— S>,6593

37,129
I 18,564
3,8096e-5 Min

Maximum on a junction between 3
rectangular tubes

&
L‘”
o

Robin CUBIZOLLES - PIP2 Vacuum Vessel | PAGE 56




END CAP TOOLING

Stress results — Step 2
O Stress intensity : max 483 MPa

C: Static Structural
Stress Intensity
Type: Stress Intensity
Unit: MPa

Time: 2

02/07/2020 17:46

482,84 Max
ol
148,75

mm 1275
106,25
85
63,75

42,501
I 21,257
0,00070594 Min

T<.’Y
X
0,00 500,00 1000,00 (mm)

I s A

250100 750100 Robin CUBIZOLLES - PIP2 Vacuum Vessel | PAGE 57



Cea END CAP TOOLING
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Stress results — Step 2
O Stress intensity : max 483 MPa located on the steel washer = acceptable

Robin CUBIZOLLES - PIP2 Vacuum Vessel | PAGE 58
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Stress results — Step 2
O Stress intensity on the stud : average 100 MPa (Bronze CuSn8P Rp0,,=280MPa) - acceptable

C: Static Structural
Stress Intensity Stud
Type: Stress Intensity
Unit: MPa

Time: 2
02/07/2020 17:47

~100 MPa

381,79 Max
. 280

| 245,01
— 210,02
175,03
140,04
1 105,05

70,059
I 35,069
0,078778 Min

0,00 20,00 40,00 (mm)
I I ]
10,00 30,00

>280 MPa

at the interface with the nut

Robin CUBIZOLLES - PIP2 Vacuum Vessel | PAGE 59



